Despite the well-recognized need for simple means of identifying the common varieties of aerobic spore-bearing bacilli little attention has been given to the fermentative reactions of these organisms. Most descriptions mention tests with glucose, lactose, sucrose, and maltose only and the reactions have generally been regarded as of no differential value. Liquid culture media have apparently been used by all writers, (except de Soriano, 1935), and the results have usually been reported merely as "plus," "minus," or "variable." (Bergey, 1939; Ford, 1927; Topley and Wilson, 1936; Lamanna, 1940.) Our first tests made in Durham fermentation tubes with 35 strains of aerobic spore-bearing bacilli, representing ten of the common varieties, revealed that the fermentation of mannitol but not lactose by a member of this group serves to identify the organism as Bacillus megatherium, provided it is also known to store fat. At the same time these tests showed the slowness and uncertainty with which slight or moderate acid production is detectable in liquid sugar media, where so many strains of these bacilli grow in a surface pellicle only, and it seemed likely that other reactions of differential value might appear with use of a more sensitive test procedure. We accordingly repeated the tests, using, in addition to broth, soft agar stabs and also agar slants with deep butts. The latter were recommended many years ago by Conn and Hucker (1920) for the detection of acid production by soil organisms. These authors noted that agar butt-slants serve as delicate indicators of acid formation and, moreover, may reveal a tendency on the part of certain cultures to develop a characteristic zone of acid reaction at a particular place in the medium.
COMPARATIVE FERMENTATION TESTS IN BROTH, SOFT AGAR STABS, AND AGAR BUTT-SLANTS
In order to test the value of agar butt-slants in direct comparison with broth and stab cultures a series of parallel tests was run in these three varieties of media.
Technique The basis of the culture medium employed was a sugar-free infusion broth. Some of this was converted into semi-solid agar for the stab cultures by addition of 0.5 per cent of agar and some into ordinary solid agar for the butt-slants by the addition of 1.5 per cent of agar. Twenty per cent stock solutions of the chemically-pure sugars in distilled water, sterilized by autoclaving at 15 pounds' pressure for 15 minutes, were added aseptically to the basic media, just before tubing, in the proportion of 1 per cent. At the same time brom-cresol-purple indicator (1.6 per cent alcoholic solution) was added in the amount of 1.0 ml. per liter. All of the media were adjusted to an initial pH of 7.0.
Tests were made with one carbohydrate at a time by inoculating each of a group of 17 test organisms into the same basic medium in each of the three forms -broth, stab, and butt-slant. The cultures used for these direct comparative studies included 13 All cultures were incubated at 3700 for 48 hours and were then placed at room temperature for one week's further observation. The changes in the indicator in each individual tube were closely followed, not only by written descriptions, but by preparing at least once daily full-sized reproductions of each tube in which the exact shades of the indicator color were duplicated with crayon. In this manner tests were carried out in triplicate with glucose, lactose, sucrose, maltose, and mannitol media. In the case of organisms showing minimal reactions the cultures were repeated several more times.
Results
Out of a group of 65 sets of parallel cultures of the various spore-bearing bacilli positive fermentation reactions were recorded in one or more of the three test media in 46 instances. Among these there were 20 in which the fermentative changes in the agar butt-slants were definitely positive after incubation for 24 hours or less while a positive reaction in the broth tubes was not observable before the second to the fifth day of incubation; and there were 13 instances in which the slant cultures were clearly positive while the corresponding broth cultures remained negative, or at most showed a doubtful acid change, throughout the 10-day period of observation. About one-quarter of the positive fermentations were missed entirely by the broth cultures. Except in the case of a few of the more vigorous fermenters the signs of acid production regularly appeared earlier and with more definiteness in the butt-slants than in the broth tubes.
The stab cultures seemed generally less satisfactory than either the broth or slant tubes. The superiority of the butt-slants was shown by the fact that in 12 instances fermentative changes were observable earlier and more plainly in these tubes than in the corresponding stabs, and in 7 additional sets of cultures the positive reactions on the slants were missed entirely in the soft agar tubes.
The greatest advantage of the agar butt-slants lies in their capacity to reveal slight and transient acid changes. Whereas in broth virtually the whole medium must be converted to an acid pH before there is a detectable indicator change, rapid or abundant growth in a small area of a slant will permit accumulation of sufficient acid at that spot to produce unmistakable evidence of fermentation. Thus, in many cases of weak fermentation the only change in the butt-slant was a more or less sharply-defined zone about the base of the slant, or in the butt, in which the indicator had changed in some degree toward the acid side.
The butt-slants also have the further advantage of showing most clearly the successive phases of pH change in the course of growth. The acid production from breakdown of the sugar in the early stages of growth is usually succeeded by a predominance of alkali production from the utilization of the peptone. This often causes parts of the acidified medium to return to the original neutral reaction in a few hours' time. In the agar butt-slants these changes are not so likely to be a source of error as in broth or semi-solid agar cultures, since the diffusion of the reaction products is less rapid and usually the reversion of a previously acidified area to neutrality begins so obviously at the periphery of the original acid zone that the changes can scarcely be misinterpreted.
The cultures of intestinal bacilli used as controls revealed their powers of fermentation equally well in all three forms of the test media. However, even with these organisms the butt-slants had at least one advantage, for they showed most clearly the striking differences in the different species as regards the speed and extent of the return of the medium to its original neutral color after the early acid change. The reappearance of a neutral reaction is apparently controlled in part by the amount of acid originally formed in any one tube, and in part by the sensitivity of the organism concerned to the accumulated acid. The cultures of E. coli, for example, early produced abundant acid, but the bacteria continued to grow in its presence so that the resultant alkaline products converted the whole slant back to neutrality within two or three days. On the other hand, the E. typhosa cultures that produced a strongly acid change within 24 hours evidently could not develop further, with the result that the acid reaction remained unchanged throughout the remaining period of observation. Among the sporeforming bacilli the actively fermenting cultures of B. circulans similarly showed a permanent acid change.
DIFFERENTIAL VALUE OF FERMENTATION REACTIONS IN AGAR BUTT-SLANTS
The fermentation reactions of the aerobic spore-bearing bacilli as revealed in agar butt-slants containing familiar carbohydrates have proven to be of positive, though limited, value in the differentiation of common species, especially when the capacity or lack of capacity of the organisms to store fat is also known. This latter property may be tested by staining 24 to 48-hour-old cultures on glucose or glycerol infusion agar slants with Sudan black B-safranin, as described in our earlier paper (Burdon, Stokes and Kimbrough, 1942 The individual strains of bacilli studied differed considerably in the vigor of fermentation. In cases of "variable" reactions (table 1) the positive fermentations were relatively weak. Freshly isolated strains usually increased their fermentative activity somewhat after two or three successive transfers in the same sugar medium. It was regularly noted, among the stock cultures and those newly isolated as well, that a strain producing a noticeably vigorous fermentation of any one of the sugars was always relatively nore active also in the breakdown of all the other sugars it was capable of attacking.
In repeated parallel cultures individual strains of the spore-bearing bacilli showed a remarkable constancy in the degree and character of the changes produced in the indicator color; often the acid zone appeared regularly in a particular location in the butt or on the slant. However, these zones were not always duplicated by other strains of the same species, hence they cannot be relied upon for differentiation.
Since our work was completed we have noted that de Soriano (1935) , in an extensive study of the whole group of aerobic spore-bearers, utilized, without special mention, a similar combination stab and slant culture with Andrade indicator, and described some species as forming acid in the stab and others on the streak. No mention is made, however, of variations in the behavior of different strains in this respect, and no comparisons are made between the results of tests in these slants and those obtained in the liquid media fermentation tubes which were also employed. The reactions reported generally agree with ours. We observed, however, a negative rather than a positive result with Bacillus mesentericus on maltose. In several instances we noted a positive fermentation where de Soriano reports a negative test, specifically, in the fermentation of mannitol by Bacillus subtilis Ford, of maltose by Bacillus megatherium, and of lactose and mannitol by Bacillus circulans.
One possible source of error in interpreting slight color changes during growth of the aerobic spore-bearers on brom-cresol-purple agar butt slants must be mentioned. The accumulation of brownish-red pigment by some of these organisms may be accompanied by changes in the indicator color which are not due to fermentation. Most conspicuous examples of this are three-to four-day-old cultures of B. subtilis, Marburg type, or B. vulgatus on lactose butt-slants, but the phenomenon is seen to a lesser degree with other organisms and other sugars. The original purple color of the medium about the growth changes to a purplishred, a color indistinguishable from that which may result from slight acid formation. The reddish zone appears along the slant only, however, and extends just a few millimeters into the medium below the surface growth. It is not a sign of fermentation, for it is found associated always with a pigmented growth, proportional in its extent to the amount of visible pigment, and it is absent in nonpigmented cultures of the same species.
For correct interpretation of such changes, as well as of minimal fermentation reactions, it is necessary, of course, to compare the test cultures directly with tubes of uninoculated medium of the same lot and to make frequent inspections of the fermentation tubes during incubation for several days.
SUMMARY
Agar slants with deep butts, inoculated into the butt as well as over the slant, were found superior to broth (Durham fermentation tubes) or soft agar stabs for fermentation tests with the common species of aerobic spore-forming bacilli.
